π ∓ were also studied in the two B factories [4, 5, 6, 7, 8, 9] .
Without any doubt, these results are helpful to investigate production mechanisms of axialvectors in B decays, extract hadronic parameters such as strong phases in B → AP decays and probe the structures of axial-vectors.
Charmless two-body B → AP decays have received considerable theoretical efforts [10, 11, 12, 13, 14] . Among these predictions, many of them are not consistent with each other: most predictions by Calderon, Munoz and Vera [12] are larger than predictions given by Laporta, Nardulli and Pham [11] and the QCD factorization (QCDF) approach. Predictions on B → a 1 π by Laporta, Nardulli and Pham (using the second sets of form factors) are very close to results in the QCDF approach. However there are large discrepancies in other predictions (See Ref. [14] for a detailed comparison between these theoretical predictions).
Many results of the QCDF approach agree with the experimental data, but there still exist some deviations.
In the present paper, we intend to analyze the 18 B → AP decays with the help of experimental data. We try to check whether these problems can be removed in the perturbative QCD (PQCD) approach and the soft-collinear-effective-theory (SCET). Another objective is to extract the B → A form factors throughB 0 → a
II. NAIVE FACTORIZATION APPROACH
The effective Hamiltonian describing b → D(D = d, s) transitions are given by [15] :
where V qb(D) are the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. Functions O i are the local four-quark operators, while functions C i are the corresponding Wilson coefficients.
It is convenient to define combinations a i of the Wilson coefficients: 
There exist a hierarchy for the Wilson coefficients:
For tree-dominated processes B 0 /B 0 → a ± 1 π ∓ , the factorization formulae can be written as:
where r π = 2m Thus penguin contributions can be neglected in the study of branching ratios (but crucial to CP asymmetries). Combined with theB
we arrive at the a 1 meson decay constant and B → a 1 form factor:
where the uncertainties are from the experimental results for branching ratios. As a rough estimation, we take f π = 131 MeV and f = 0.39 ± 0.07 ± 0.01. These results are well consistent with predictions based on the PQCD approaches [17] and light-cone sum rules [18, 19] .
Now we come to the two channels B − → a 
Because of the small values of a 3−10 , the penguin contributions can be safely neglected:
Furthermore, in the hierarchy of a 2 ≪ a 1 , branching ratios are required to satisfy the following relation:
But the experimental data shows: 
Flavor structures ofB 0 → b
− are the same with each other, thus they have the same factorization formulae:
The same Wilson coefficients and almost equal form factors will induce almost equal branching ratios forB 0 → a
To reduce the uncertainties, we will utilize thē B 0 → π + K − decay which also has the same flavor structures withB 0 → (a
only difference between the three modes is the different form factors which can be extracted from tree-dominated processesB
The branching ratio ofB 0 → π + K − has been measured as [16] :
which implies:
Comparing with the experimental measurements in 
is 5.5 times larger. This discrepancy should be clarified by the theoretical studies with nextto-leading order corrections and improved experimental measurements.
by experimentalists whose factorization formulae are:
In these b → s transitions, the CKM matrix elements for penguin operators are |V cb V * cs | ∼ 40 × 10 at least by a factor of 2 in magnitude. In order to characterize the contribution from tree operators and symmetry breaking effects between B − andB 0 mesons, it is useful to define the two ratios:
where τ is the lifetime of B meson. Neglecting tree operators and electro-weak penguins, the ratios obey the limit:
which are quite different from the experimental results:
The difference between the two channels in the ratio R 1 is the tree operator and electroweak penguin operators. Since the contribution of tree operator is smaller than QCD penguins and the two kinds of amplitudes are perpendicular with each other due to the CKM angle γ close to 90
• , the tree operator can not change the branching ratio ofB 0 → a
Thus this does not improve theoretical predictions on R 1 . Large electro-weak penguins may help us to diminish the large deviation for R 1 . In theB 0 → b
the factorization formulae are exactly the same since the b 1 decay constant vanishes. Thus in order to explain the large ratio R 2 , one needs some mechanism beyond factorization to enhance the ratio of R 2 by roughly 2.5.
In • Since the form factor B → a 1 and B → b 1 are almost equal in magnitude, theB
should possess similar and large branching ratios.
Compared with the experimental data, theoretical predictions needs to be reduced by the factors of 2.8 and 5.5, respectively.
•
in Eq. (19) which also have large deviations from the data.
III. THE SOFT-COLLINEAR EFFECTIVE THEORY
The recent development of SCET makes the analysis of B → M 1 M 2 decays on a more rig- 
where functions ζ and ζ J also enter into the heavy-to-light form factors. T 1 (u) and T 1J (u, z)
are hard kernels which can be calculated using perturbation theory. With the hard-collinear fluctuation integrated out, the final effective theory-SCET II is obtained where the function ζ J can be factorized into convolutions of LCDAs with hard kernels:
J(z, ω, v) is the hard kernel and φ B and φ M 1 ,M 2 are the light-cone distribution amplitudes (LCDAs). With our knowledge on these LCDAs, one can predict the decay amplitude by convoluting the LCDAs with the perturbatively calculated hard kernels. But there is another alternative way for phenomenological studies: one can fit experimental results, including branching ratios and CP asymmetries, to determine essential non-perturbative inputs. Note that in this way, no expansions in α s ( m b Λ QCD ) are needed and thus the exploration of the convergence is spontaneously avoided. This method is especially useful at tree level:
is a constant and T 1J (u, z) is a function of one argument u. It leads to a rather simple form for decay amplitudes:
where the functions ζ B→M 2 and
are treated as non-perturbative parameters to be fitted from the data. With the help of the flavor SU(3) symmetry, the B → AP decays involve only 6 parameters:
which contribute to the B → P and B → A form factors.
Including the non-perturbative contributions from loop diagrams involving cc [20, 21, 22, 23, 24, 25] , the SCET can successfully explain most of B → P P and B → V P decays [21, 26, 27] . This phenomenological approach has many important features. In b → d transitions such asB 0 → π + π − , tree operators provide the dominant contributions and contributions from charming penguins and penguin operators are sub-leading. From the experience in B → P P and B → V P phenomenological study, we know that the hard-scattering form factor ζ J is potentially large. Furthermore, as we have shown in Ref. [27] , the corresponding
Wilson coefficient is of order 1 which amounts to a large effective Wilson coefficient a 2 . Here we takeB 0 → a (20) and (21) can not be eliminated by the SCET either.
IV. THE PERTURBATIVE QCD APPROACH
There is another commonly-accepted approach to handle hadronic B decays: the perturbative QCD approach [28, 29, 30] . The basic idea of the PQCD approach is that it takes into account the transverse momentum of the valence quarks in hadrons. Decay amplitudes and form factors can be written as convolutions of wave functions with perturbatively hard kernels integrated over the longitudinal and transverse component. When considering radiative corrections, one encounters double logarithm divergences when soft and collinear momenta overlap. These large double logarithm can be resummed into the Sudakov factor. Loop corrections to the weak decay vertex also give rise to double logarithms in the threshold region.
Resummation of this type of double logarithms leads to the Sudakov factor S t . This factor decreases faster than any power of x as x → 0 and changes the behavior at the end-point region. The Sudakov factor and threshold resummation make the PQCD approach more self-consistent. This approach have successfully explained the B → ππ and B → πK decay rates and CP asymmetries [31] together with the proper polarizations in B → V V decays [32] .
In the PQCD approach, the predicted B → a 1 form factor [17] is consistent with the one derived from the data, thus our PQCD prediction on BR(B 0 → a
with the data. But due to the small value of a 2 , the color-suppressed contribution is too small to explain the large decay rates of B − → a 
V. NUMERICAL RESULTS
In the PQCD framework and SCET framework, we calculate the decay rates, direct CP asymmetries and time-dependent CP asymmetries shown in table I,II,III and IV. We have adopted the same conventions with Ref. [14] for observables in time-dependent decay widths of B → a 
] = 145
• ,
We should point out that this set of inputs is presented by hand instead of any reasonable way. To test the sensitivities on these parameters, we show the first uncertainty in numerical results by varying the form factors by 0.03, 20% for magnitudes of charming penguins and 20
• for the phases. The second uncertainty is from CKM matrix elements. In the PQCD calculation, we have used the same inputs as those in Ref. [17, 36, 37] . The theoretical 
Predictions in the QCDF approach are also collected in the tables to make a compari- 3 There still exist two differences between the factorizable emission diagrams of B → AP and B → P P decays: the axial-vector meson can not be generated by the scalar or pseudo-scalar current, thus the chiraly enhanced penguins vanish; due to the vanishing decay constant, b 1 can not be factorized from the B meson and the recoiling meson.
son [14] In the QCDF approach, a 2 (to be precise, α 2 ) is much smaller than 0.5, thus their amplitude from color-suppressed tree diagrams is not large enough to resolve the problem (R 3 and R 4 are related to ratios R 1 and R 2 defined in the present paper; their ratios R 1 and R 2 characterize the magnitude of color-suppressed contributions in B → a 1 π decay modes.)
deviate from experimental data.
Several remarks on the numerical results in the PQCD approach and SCET approach are in order:
• The predictions on BR(B 0 → a − 1 π + ) in both approaches are a bit smaller than experimental data, because the decay constant of f a 1 = 0.238 GeV [39] is a bit smaller than that extracted from the data.
• As we expected, color-suppressed contributions to B → a 1 π decays are large in the SCET framework but small in the PQCD approach: SCET predictions are much larger and consistent with the present data within the uncertainties.
• In the PQCD approach,B 0 → b • In the SCET approach,B 0 → b − 1 π + only receive contributions from charming penguins and correspondingly the direct CP asymmetry in this channel is 0. The predicted branching ratio is smaller than the PQCD prediction but larger than the QCDF prediction.
• In the SCET, the direct CP asymmetries inB 0 → a 
, where the small deviation arises from the different mass and decay width ofB 0 and B − meson.
• As expected, the two ratios R 1 and R 2 are predicted with large deviations from the data: 
, predictions on ∆C in the two approaches are close to −1 and they are consistent with the QCDF prediction [14] and the data. In the SCET framework, the angle α
which is also a consequence of the vanishing decay constant of b 1 meson.
VI. SUMMARY
In summary, we have investigated the B → a 1 (b 1 )π(K) decays under the factorization framework and find large differences between theoretical predictions and experimental data.
In tree dominated processes B → a 1 π, large contributions from color-suppressed tree diagrams are required. InB 0 → (a 
. 
